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Introduction
• Synthetic Aperture Radar Interferometry (InSAR)
?A technique that can measure millimeter-scale changes in 
deformation over long time period.
?Uses two or more SAR images to generate maps of surface 
deformation, using phase difference of signals.
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Background
• Land Subsidence
?Lowering of the land surface
• Causes
?Mining
?Earthquake
?Extraction of natural gas 
?Groundwater pumping 
• Impacts
?Changes in elevation 
?Damage to structures 
?Flooding
4
Background for Study Area
• Land Subsidence in Tokyo
?First detected in 1910
?Continued to grow until 1970
?Peaking at about 24cm/yr in1968
?Pumping regulation by Tokyo Metropolitan Government(TMG)       
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http://pub.iges.or.jp/modules/envirolib/view.php?docid=2128
Objectives
• Subsidence measurement in Tokyo using Persistent 
Scatterrer (PS) InSAR technique
• Comparison between ascending and descending 
ALOS/PALSAR images
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Methodology: InSAR
• A satellite SAR can observe the same area from slightly 
different look angles.
?Simultaneously with two radars mounted on the same platform
?At different times by exploiting repeated orbits of the same satellite
? The SAR Interferogram is generated by cross-multiplying,  pixel by 
pixel, the first SAR image with the complex conjugate of the 
second.
Amplitude: amplitude of the first image multiplied by second one
Phase: Phase difference between the images
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Methodology: InSAR
• Limitations of conventional InSAR
?Decorrelation
?Unwrapping errors
?Variation in atmospheric signal delay
?Residual topographic signal
?Orbit errors
Persistent Scatterer (PS) InSAR
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Methodology: PSInSAR
• Persistent Scatterer InSAR(PSInSAR)
?First algorithms of PSInSAR were developed by Ferretti et al.,2000
? Identifies single dominating scatterer in a series of interferograms
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(a) distributed scatterer pixel  (b) persistent scatterer pixel
Methodology: PSInSAR
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• ?????????????????????????????????
???? ? ????? ? ???? ? ?????? ? ????? ? ??????
????= intereferometric phase 
?????= phase due to the geometric displacement
????= phase due to atmospheric delay
??????= phase due to orbit
?????= phase due to topography
??????=phase due to other terms including ionosphere and system noise
• For deformation studies, ????? is the only term of interest
?Other terms can be correlated by using a series of interferograms
Methodology
• Difference in phase depends 
only on the change in path 
length
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Methodology: StaMPS
• Stanford Method for Persistent Scatterers(2007,Hooper)
?A method designed to estimate deformation signal even in the 
absence of very bright scatterers using self-consistent network of 
persistent scatterer.
• Steps 
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Create SLCs
Pre-processing SLCs
Create IFGs
PS processing
• Load data
• Estimate phase noise
• PS selection
• PS weeding
• Phase correction
• Phase unwrapping
• Estimate spatially correlated look angle 
error
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Results and Discussion
• Data acquisition
?Ascending data for Tokyo, Japan (PATH 406; frame 700): 
14 images from 10-Jul-2006 to 08-Mar-2011
?Descending data for Tokyo, Japan (PATH 3369;frame 2900):
17 images from 12-Sep-2006 to 24-Dec-2010
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Results and Discussion
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Descending image (morning 
acquisitions) are flipped left-right
Ascending image (evening 
acquisitions) are flipped up-down
• SLC images created using ROI_PAC
Results Discussion
• Interferograms created using DORIS (ascending)
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Results and Discussion
16
• Interferograms created using DORIS (descending)
Results and Discussion
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• Deformation velocity in Line of Sight (LOS)
Ascending: 285983 PS selected Descending: 12259 PS selected
Results and Discussion
• Subsidence calculation 
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Deformation in LOS
[mm/yr]
Subsidence
[mm/yr]
Ascending -37.2 to 25.1 -44.8 to 30.2
Descending -49.6 to 44.5 -59.8 to 53.7
θ
? = ???? ?
? = deformation in vertical direction 
(subsidence)
?= deformation in LOS
?=incidence angle (for ALOS=34deg)
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Summary
• PSInSAR is advantageous for wide area deformation 
monitoring, in particular in highly urbanized regions
• With the analysis of a series of radar images, using PS 
time series, we were able to monitor slow ground 
deformations in both ways: subsidence and uplift in Tokyo 
area, Japan
• Deformation velocity in LOS direction had more than 1cm 
difference between ascending and descending data 
results.
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Thank you for your attention!
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